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TITLE OF THE INVENTION 
Phosphor Multilayer and EL Panel 



BACKGROUND OF THE INVENTION 

Technical Field 

This invention relates to a light -emitting layer for 
use in inorganic EL devices, and more particularly, to a 
10 white light emitting multilayer of phosphor thin films and 
an EL panel using the same. 

Background Art 

In the recent years, active research works have been 

15 made on thin-film EL devices as small-size and large-size, 
lightweight flat displays. A monochromatic thin-film EL 
display using a phosphor thin film of manganese-doped zinc 
sulfide capable of emitting yellowish orange light has 
already become commercially practical as a dual insulated 

20 structure using thin-film insulating layers 2 and 4 as 
shown in FIG. 2. In FIG. 2, a predetermined pattern of 
lower electrodes 5 is formed on a substrate 1, and a first 
insulating layer 2 is formed on the lower electrodes 5 . On 
the first insulating layer 2, a light -emitting layer 3 and 

25 a second insulating layer 4 are successively formed. On 
the second insulating layer 4, a predetermined pattern of 
upper electrodes 6 is formed so as to construct a matrix 
circuit with the lower electrodes 5 . 

Thin-film EL displays must display images in color in 

30 order that they find use as computer, TV and similar 

monitors. Thin-film EL displays using sulfide phosphor 
thin films are fully reliable and resistant to environment, 
but at present regarded unsuitable as color displays 
because EL phosphors required to emit light in the 

35 primaries of red, green and blue have poor characteristics. 
Engineers continued research on SrS:Ce (using SrS as a 



-1- 



matrix material and Ce as a luminescent center) and ZnS:Tm 
as a candidate for the blue light -emitting phosphor, ZnS:Sm 
and CaS:Eu as a candidate for the red light -emit ting 
phosphor, and ZnS:Tb and CaS:Ce as a candidate for the 
5 green light-emitting phosphor. 

These phosphor thin films capable of emitting light 
in the primaries of red, green and blue suffer from 
problems of emission luminance, emission efficiency and 
color purity. Thus color EL panels have not reached the 

10 commercial stage. Referring to the blue color among 
others, a relatively high luminance is achieved using 
SrS:Ce. However, it's luminance is still short as the blue 
color for full-color displays and its chromaticity is 
shifted toward green. There is a desire to have a better 

15 blue light -emitting layer. 

To solve the above problem, thiogallate and 
thioaluminate base blue phosphors such as SrGa 2 S 4 :Ce, 
CaGa 2 S 4 :Ce, and BaAl 2 S 4 :Eu were developed as described in 
JP-A 7-122364, JP-A 8-134440, Shinshu Univ. Technical 

20 Report, EID 98-113, pp. 19-24, and Jpn. J. Appl. Phys. , 
Vol. 38 (1999), pp. L1291-1292. These thiogallate base 
phosphors are satisfactory in color purity, but suffer from 
a low luminance and especially, difficulty to form a thin 
film of uniform composition because of the multi-component 

25 composition. It is believed that thin films of quality are 
not obtainable because of poor crystallinity resulting from 
inconvenient composition control, formation of defects 
resulting from sulfur removal, and admittance of 
impurities; and these factors lead to a failure to increase 

30 the luminance. In particular, thioaluminate base phosphors 
are quite difficult to control their composition. 

On the other hand, monochromatic displays using 
orange phosphor ZnS:Mn have already become commercially 
practical. The visibility of displayed images imposes a 

35 need for white mono-color. To meet the need, a variety of 
white phosphors have been studied as described in Display & 
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Imaging, Vol. 3 (1994), pp. 159-171. 

In the prior art, ZnS:Pr thin film having 
praseodymium added as a luminescent center is known as the 
white phosphor. Since the spectrum of light emission 
consists of bright lines, this thin film develops a thin 
film interference effect. There still remain problems of 
visual angle dependency and a low luminance. Meanwhile, a 
variety of white phosphors have been developed as by 
starting with blue-green phosphor of SrS:Ce and adding a 
red component such as europium or manganese thereto. 

For example, there are known: 

(1) a method of adding both Ce and Eu as the luminescent 
center to SrS matrix material to form SrS:Ce,Eu, 

(2) a method of using a multilayer structure of SrS:Ce and 
SrS:Eu to form SrS:Ce/SrS:Eu, 

(3) a method of using a multilayer structure of SrS:Ce and 
CaS:Eu to form SrS: Ce/CaS :Eu, and 

(4) a method of using a multilayer structure of SrS:Ce and 
ZnS:Mn to form SrS : Ce/ZnS :Mn. 

These white phosphor thin films based on SrS:Ce emit 
a broad spectrum of light and are ideal for white light 
emission, but provide a low luminance and a white color 
close to yellow, known as egg-shell white. From the 
standpoint of human factor engineering, a color close to 
paper white, that is, CIE chromaticity coordinates of x = 
0.3 and y = 0.3 has not been available unless filters are 
used. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a phosphor 
multilayer eliminating a need for filters, having a 
satisfactory color purity and suitable for use in paper 
white mono-color EL panels, and an EL panel. 

This and other objects are attained by the present 
invention which is defined below as (1) to (4). 

(1) A phosphor multilayer comprising at least a first 
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thin film and a second thin film, wherein 

said first thin film is formed of a matrix material 
comprising barium aluminate as a main component, containing 
sulfur element and further containing europium as a 
5 luminescent center, and 

said second thin film is formed of a matrix material 
comprising zinc sulfide as a main component. 

(2) The phosphor multilayer of (1) wherein the molar 
ratio of the content of sulfur element admixed to the 

10 content of oxygen element in the matrix material, as 
expressed by S/(S+0), is between 0.02 and 0.5. 

(3) The phosphor multilayer of (1) wherein the molar 
ratio of the content of sulfur element admixed to the 
content of oxygen element in the matrix material, as 

15 expressed by S/(S+0), is between 0.7 and 0.9, and the ratio 
of aluminum element Al to barium element Ba, as expressed 
by Al/Ba, is between 1.5 and 3.0. 

(4) The phosphor multilayer of (1) or (2) wherein the 
synthetic color of emissions from said first and second 

20 thin films is white having CIE chromaticity coordinates of 
x = 0.27 to 0.39 and y = 0.27 to 0.38. 

(5) An EL panel having the phosphor multilayer of any 
one of (1) to (4). 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic cross -sectional view showing an 
exemplary construction of the apparatus to which the method 
of the invention is applicable or the manufacturing 
apparatus of the invention. 

30 FIG. 2 is a partially cross -sectional, perspective 

view showing an exemplary construction of the inorganic EL 
device which can be manufactured by the method and 
apparatus of the invention. 

35 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Several embodiments of the invention are described in 
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detail. 

The invention provides a multilayer structure of 
phosphor thin-films comprising stacked first thin films and 
second thin films. The resulting multilayer phosphor emits 
5 white light as a result of synthesis of color emissions 
from the respective layers. 

The first thin film uses barium aluminate (which is 
an oxide) as a matrix material. 

Heretofore, the use of alkaline earth aluminates as 

10 the thin film phosphor for EL has not been reported. This 
is probably because alkaline earth aluminates are difficult 
to form crystalline thin films and thus cannot be utilized 
as phosphor thin films capable of electroluminescent light 
emission. The application of alkaline earth aluminates to 

15 plasma display panels (PDP) and fluorescent lamps has been 
discussed. By adding europium to a barium substance such 
as barium carbonate and an aluminum substance such as 
alumina and firing the mixture at 1,100°C to 1,400°C, a 
powder is synthesized which is used as a blue phosphor. 

20 The inventors formed thin films of barium aluminate 

as thin film phosphors intended for EL application. EL 
devices were prepared using the thin films, but they failed 
to produce the desired light emission. Only after 
annealing at 1,100°C, electroluminescent light emission was 

25 observed. However, the emission luminance was as low as 2 
cd/m 2 . In order that the thin films be applied to EL 
device panels, it is necessary to increase the luminance 
and lower the processing temperature. 

Based on these empirical results, the inventors 

30 continued research on phosphor thin films of the above 
series and reached the present invention. It has been 
found that an outstanding increase of luminance is 
accomplished by adding sulfur to the barium aluminate 
matrix material. 

35 The first thin film according to the invention is 

formed of a barium aluminate matrix material (barium 



aluminate being an oxide), which contains sulfur and 
further contains europium element as a luminescent center. 

The phosphor thin film preferably has the following 
compositional formula: 

Ba x Al y O z S w : Eu . 
In the above formula, x, y, z and w denote molar 
ratios of elements Ba, Al, 0 and S, and are preferably in 
the ranges of : 

x = 1 to 5, 

y = 1 to 15, 

z = 3 to 30, and 

w = 3 to 30. 

Preferably, the barium aluminate matrix material 
contains sulfur in such amounts that the atomic ratio of 
sulfur to oxygen, as expressed by S/(S+0), is in the range 
from 0.01 to 0.95, and especially from 0.02 to 0.7. 
Differently stated, the value of w/(z+w) in the formula is 
preferably in the range of 0.02 to 0.7, more preferably 
0.02 to 0.50, even more preferably 0.03 to 0.35. It is 
also preferred that y/x be in the range of 5 to 7. 

In the above formula, when the value of w/(z+w) is in 
the range of 0.7 to 0.9, preferably 0.75 to 0.85, it is 
recommended that the atomic ratio of element Al to element 
Ba, Al/Ba or y/x, be in the range of 1 to 3, preferably 1.5 
to 3.0, and especially 2.0 to 2.5. 

Sulfur is effective for outstandingly enhancing the 
electroluminescent luminance of phosphor thin films. The 
addition of sulfur to alkaline earth aluminates promotes 
crystallization of the matrix material during film 
deposition or during post treatment such as annealing after 
film deposition, and permits the europium added to become 
divalent and undertake effective transition within the 
compound crystal field, producing light emission at a high 
luminance . 

The light emitting device has a lifetime in that the 
luminance drops with the lapse of light emitting time. The 



co-presence of oxygen and sulfur improves the lifetime 
performance and prevents the luminance from dropping. As 
compared with the matrix material of pure sulfide, the 
matrix material having an oxygen compound incorporated 
therein is stable in air. This is probably because the 
stable oxide component protects the sulfide component in 
the film from oxygen. Therefore, according to the 
inventors' investigation, an optimum value exists between 
the sulfide and oxide compositions . 

Also in Ba x Al y O z S w :Eu, barium may be partially 
substituted with Mg, Ca or Sr, and aluminum may be 
partially substituted with B, Ga, In or Tl. Such 
substitution enables to adjust the chromaticity of white 
color . 

Further, europium is preferably added as the 
luminescent center. An appropriate amount of europium 
added is 1 to 10 mol% based on the barium atoms. Another 
rare earth element may be added along with europium or 
alone. For example, the rare earth element is selected 
from among Sc , Y, La, Ce , Pr, Nd, Gd, Tb, Ho, Er, Tm, Lu, 
Sm, Eu, Dy and Yb. The addition of Ce, Tb, Ho, Sm, Yb and 
Nd is preferred as well as Eu. The addition of the other 
rare earth elements enables to adjust the chromaticity of 
white color. 

No particular limits are imposed on the thickness of 
the first thin film. However, too thick a film requires an 
increased EL drive voltage whereas too thin a film results 
in a low emission efficiency. Illustratively, the film is 
preferably about 50 to 1,000 nm thick, especially about 100 
to 400 nm although the ratio in thickness of the first thin 
film to the second thin film is important in order to 
provide a white phosphor. 

The second thin film according to the invention is 
formed of a matrix material containing zinc sulfide as a 
main component. The matrix material containing zinc 
sulfide as a main component may form a solid solution or 
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laminate of ZnS with MgS, SrS, BaS or the like. The 
luminescent center used herein is one or more elements 
selected from among transition metals such as Mn and Cu, 
rare earth metal elements, lead (Pb) and bismuth (Bi) . 
5 Especially preferred is a ZnS:Mn base phosphor which is 
customarily used as an orange phosphor thin film. To the 
second matrix material, manganese is preferably added as 
the luminescent center in an amount of 0.1 to 1.0 mol% , 
preferably 0.2 to 0.6 mol%, and especially 0.3 to 0.4 mol% 

10 based on the second matrix material. The above-mentioned 

solid solution of ZnS enables to adjust the chromaticity of 
the orange color of ZnS:Mn, thereby enabling to adjust the 
chromaticity of white color according to the invention. 

No particular limits are imposed on the thickness of 

15 the film. However, too thick a film requires an increased 
EL drive voltage whereas too thin a film results in a low 
emission efficiency. Illustratively, the film is 
preferably about 300 to 2,000 nm thick, especially about 
400 to 800 nm. 

20 The order and number of stacking the first and second 

thin films are not critical. A plurality of first thin 
films of the same or different compositions and a plurality 
of second thin films of the same or different compositions 
may be used. For example, a plurality of ZnS:Mn phosphor 

25 films and a plurality of solid solution ZnMgSrMn phosphor 
films may be used for the second thin films. When the 
invention is embodied as a full-color display by using the 
white light according to the invention, and taking out red, 
green and blue therefrom through filters, the red, green 

30 and blue can be adjusted by a choice from the plurality of 
films. Of these films, it is recommended to form in 
advance the film which is to be deposited at a higher 
temperature. That is, it is recommended that the thin film 
which is to be deposited at a higher temperature be on the 

35 substrate side. Often, the second thin film is preferably 
formed on the first thin film. 
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By adjusting the ratio of the total thickness T2 of 
second thin films to the total thickness Tl of first thin 
films, T2/T1, the white color or chromaticity can be 
adjusted. Too high a T2/T1 ratio leads to a white color 
5 close to yellow whereas too low a T2/T1 ratio leads to a 
pale blue white color. 

In the multilayer of the invention, the synthetic 
color of light emissions from the first thin films and 
light emissions from the second thin films is high purity 
10 white having CIE chromaticity coordinates of x = 0.27 to 

0.39 and y = 0.27 to 0.38, especially x = 0.30 to 0.36 and 
y = 0.30 to 0.35. 

The first thin film is preferably prepared, for 
example, by a reactive deposition process to be described 
15 below. 

Exemplary and preferred methods include a binary 
reactive deposition process using a barium oxide pellet 
having europium added thereto, an alumina pellet, and H 2 S 
gas; a binary vacuum evaporation process using a barium 

20 sulfide pellet having europium added thereto and an alumina 
pellet in the absence of a gas; a binary reactive 
deposition process using a barium oxide pellet having 
europium added thereto, an alumina pellet and H 2 S gas; a 
binary vacuum evaporation process using a barium sulfide 

25 pellet having europium added thereto and an alumina pellet 
in the absence of gas; a binary vacuum evaporation process 
using a barium oxide pellet having europium added thereto 
and an aluminum sulfide pellet in the absence of gas; 
a binary reactive deposition process using a barium sulfide 

30 pellet having europium added thereto, an aluminum sulfide 
pellet and H 2 S gas; and a binary reactive deposition 
process using a barium sulfide pellet having europium added 
thereto, an aluminum sulfide pellet, and 0 2 gas. After the 
sulfide thin film is formed, it may be annealed in an 

35 oxidizing atmosphere for converting to a sulfur- added 
barium aluminate thin film. 
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Europium added to the source substance may take the 
form of metal, fluoride, oxide or sulfide. Since the 
amount of europium added varies depending on the source 
substance and the thin film to be deposited, the 
composition of the source substance is adjusted so as to 
achieve an appropriate dosage. 

During the evaporation, the temperature of the 
substrate may be at 100 to 600°C, preferably 150 to 300°C. 
If the substrate temperature is too high, the thin film of 
matrix material may have more asperities on its surface and 
contain pin holes therein, giving rise to the problem of 
current leakage on EL devices. For this reason, the 
aforementioned temperature range is preferable. After 
deposition, the film is preferably annealed. The annealing 
temperature is preferably 600 to 1,000°C, especially 800 to 
900°C. 

The oxide phosphor thin film thus formed is 
preferably a highly crystalline thin film. Crystallinity 
can be evaluated by x-ray diffraction, for example. To 
promote crystallinity, the substrate temperature is set as 
high as possible. It is also effective to anneal the thin 
film in vacuum, air, 0 2 , N 2 , Ar, sulfur vapor, or H 2 S after 
its formation. 

The pressure during evaporation is preferably 
1.33xl0" 4 to 1.33X10" 1 Pa (lxlO" 6 to lxlO" 3 Torr) . When a gas 
such as H 2 S is introduced, the pressure may be adjusted to 
6.65xl0" 3 to 6.65X10" 2 Pa (5x10 s to 5xl0~ 4 Torr). If the 
pressure exceeds the range, the operation of the electron 
gun becomes unstable, and composition control becomes very 
difficult. The rate of gas feed is preferably 5 to 200 
standard cubic centimeters per minute (SCCM), especially 10 
to 30 SCCM although it varies depending on the power of the 
vacuum system. 

If desired, the substrate may be moved or rotated 
during evaporation. By moving or rotating the substrate, 
the deposited film becomes uniform in composition and 
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minimized in the variation of thickness distribution. 

When the substrate is rotated, the number of 
revolutions is preferably at least about 10 rpm, more 
preferably about 10 to 50 rpm, and especially about 10 to 
30 rpm. If the rotational speed of the substrate is too 
high, there may arise a problem of seal upon admission into 
the vacuum chamber. If the rotational speed of the 
substrate is too low, compositional gradation may occur in 
the thickness direction within the chamber so that the 
characteristics of the light emitting layer may become 
poor. The means for rotating the substrate may be any 
well-known rotating mechanism including a power source such 
as a motor or hydraulic rotational mechanism and a power 
transmission/gear mechanism having a combination of gears, 
belts, pulleys and the like. 

The means for heating the evaporation source and the 
substrate may be selected, for example, from tantalum wire 
heaters, sheath heaters and carbon heaters, as long as they 
have the predetermined thermal capacity, reactivity or the 
like. The temperature reached by the heating means is 
preferably in the range of about 100 to about 1,400°C, and 
the precision of temperature control is about +1°C, 
preferably about ±0 . 5°C at 1,000°C. 

FIG. 1 illustrates one exemplary construction of the 
apparatus for forming the light emitting layer according to 
the invention. Reference is made to an embodiment wherein 
S-added barium aluminate:Eu is produced by using aluminum 
sulfide and barium sulfide as the evaporation sources and 
admitting oxygen during evaporation. In the illustrated 
embodiment, a substrate 12 on which the light emitting 
layer is to be deposited, and EB evaporation sources 14 and 
15 are disposed within a vacuum chamber 11. 

The electron beam (EB) evaporation sources 14 and 15 
serving as means for evaporating aluminum sulfide and 
barium sulfide include crucibles 40 and 50 which contain 
barium sulfide 14a having a luminescent center added 
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thereto and aluminum sulfide 15a, and electron guns 41 and 
51 having electron emitting filaments 41a and 51a built 
therein, respectively. Built in the electron guns 41, 51 
are mechanisms for controlling electron beams. To the 
electron guns 41, 51 are connected ac power supplies 42, 52 
and bias power supplies 43, 53. The electron guns 41, 51 
alternately produce electron beams at predetermined powers 
in a controlled manner, which are irradiated to the 
crucibles for evaporating the barium sulfide having a 
luminescent center added thereto and the aluminum sulfide 
in a predetermined ratio. Also employable is a process in 
which multi- source simultaneous evaporation is performed 
using a single electron gun, which is known as multi-source 
pulse evaporation process. Although EB evaporation sources 
are used as evaporation sources of aluminum sulfide and 
barium sulfide in the illustrated embodiment, either one or 
both may be replaced by other evaporation sources such as 
resistive heating evaporation sources. 

The vacuum chamber 11 has an exhaust port 11a through 
which the chamber is evacuated to establish a predetermined 
vacuum in the chamber. The vacuum chamber 11 also has an 
inlet port lib through which a reactant gas such as 
hydrogen sulfide gas is admitted into the chamber. 

The substrate 12 is fixedly secured to a holder 12a. 
The holder 12a has a shaft 12b which is rotatably held by 
an outside rotating shaft mount (not shown) so that the 
vacuum may be maintained in the chamber 11. The shaft 12b 
is adapted to be rotated at a predetermined number of 
revolutions by a rotating means (not shown). A heating 
means 13 in the form of a heater wire is closely secured to 
the substrate holder 12a so that the substrate may be 
heated and maintained at the desired temperature. 

Using the illustrated apparatus, vapors of barium 
sulfide and aluminum sulfide are evaporated from the EB 
evaporation sources 14, 15 and deposited on the substrate 
12 where they are bound with the oxygen admitted to thereby 
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form a sulfur-added oxide fluorescent layer. By rotating 
the substrate 12 during the evaporation process if desired, 
the light emitting layer being deposited can be made more 
uniform in composition and thickness distribution. 
5 The second thin film can be formed by well-known 

methods including an evaporation method using a ZnS:Mn 
pellet and a sputtering method using a ZnS target. 

There have been described the fluorescent thin film 
material and the method of manufacture by evaporation 
10 according to the invention, by which a phosphor thin film 
W in multilayer structure capable of emitting white light at 

f5j a higher luminance can be easily formed. 

J Using a light emitting layer 3 of the invention, an 

?p inorganic EL device is manufactured, for example, to the 

CI 15 structure shown in FIG. 2. Between the substrate 1, 
l y electrodes 5, 6, thick-film insulating layer 2 and thin- 

p film insulating layer 4, there may be disposed intermediate 

~f layers such as a layer for enhancing bond, a layer for 

ji mitigating stress, and a layer for preventing reaction. 

O 20 The thick film may be improved in smoothness as by 

r " polishing its surface or using a smoothing layer. 

FIG. 2 is a partially cross - sectional , perspective 
view showing an exemplary construction of the inorganic EL 
device using the phosphor multilayer of the invention . In 
25 FIG. 2, a predetermined pattern of lower electrodes 5 is 

formed on a substrate 1, and a first thick insulating layer 
(or thick-film dielectric layer) 2 is formed on the lower 
electrodes 5. On the first insulating layer 2, a light- 
emitting layer 3 and a second insulating layer (or thin- 
30 film dielectric layer) 4 are successively formed. On the 

second insulating layer 4, a predetermined pattern of upper 
electrodes 6 is formed so as to construct a matrix circuit 
with the lower electrodes 5 . The light emitting layer used 
herein is the phosphor multilayer. 
35 Any desired material may used as the substrate as 

long as the substrate has a heat resistant temperature or 
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melting point of at least 600°C # preferably at least 700°C, 
especially at least 800°C so that the substrate may 
withstand the thick-film forming temperature, the forming 
temperature of the EL fluorescent layer and the annealing 
5 temperature of the EL device, the substrate allows 

deposition thereon of functional thin films such as a light 
emitting layer by which the EL device can be constructed, 
and the substrate maintains the predetermined strength. 
Illustrative examples include ceramic substrates of glass, 

10 alumina (A1 2 0 3 ), forsterite (2MgOSi0 2 ), steatite 

(MgO-Si0 2 ), mullite ( 3A1 2 0 3 • 2Si0 2 ) , beryllia (BeO), aluminum 
nitride (A1N) , silicon nitride (SiN), and silicon carbide 
(SiC+BeO) as well as heat resistant glass substrates of 
crystallized glass or the like. Of these, alumina 

15 substrates and crystallized glass substrates having a heat 
resistant temperature of higher than about 1,000°C are 
especially preferable. Where heat transfer is necessary, 
berillia, aluminum nitride, silicon carbide and the like 
are preferred. 

20 Also useful are quartz, heat oxidized silicon wafers, 

etc. as well as metal substrates such as titanium, 
stainless steel, Inconel and iron base materials. Where 
electro-conductive substrates such as metal substrates are 
used, a structure in which a thick film having an internal 

25 electrode is formed on a substrate is preferred. 

Any well-known thick-film dielectric material may be 
used as the thick-film dielectric material (first 
insulating layer) . Materials having a relatively high 
permittivity are preferred. 

30 For example, lead titanate, lead niobate and barium 

titanate based materials can be used. 

The dielectric thick film has a resistivity of at 
least 10 s Q-cm, especially about 10 10 to 10 18 Q-cm. A 
material having a relatively high permittivity as well is 

35 preferred. The permittivity s is preferably about 100 to 



-14- 



10,000. The preferred thickness is 5 to 50 ^m, especially 
10 to 30 p.nu 

The insulating layer thick film is formed by any 
desired method. Methods capable of relatively easily 
5 forming films of 10 to 50 (im thick are useful, and the sol- 
gel method and printing/firing method are especially 
preferred. 

Where the printing/firing method is employed, a 
material is fractionated to an appropriate particle size 

10 and mixed with a binder to form a paste having an 

appropriate viscosity. The paste is applied onto a 
substrate by a screen printing technique, and dried. The 
green sheet is fired at an appropriate temperature, 
yielding a thick film. 

15 Examples of the material of which the thin -film 

insulating layer (second insulating layer) is made include 
silicon oxide (Si0 2 ), silicon nitride (SiN), tantalum oxide 
(Ta 2 0 5 ), strontium titanate (SrTi0 3 ), yttrium oxide (Y 2 0 3 ), 
barium titanate (BaTi0 3 ), lead titanate (PbTi0 3 ), PZT, 

20 zirconia (Zr0 2 ), silicon oxynitride (SiON), alumina (A1 2 0 3 ). 
lead niobate, PMN-PT base materials, and multilayer or 
mixed thin films of any. In forming the insulating layer 
from these materials, any of conventional methods such as 
evaporation, sputtering, CVD, sol- gel and printing/firing 

25 methods may be used. The insulating layer preferably has a 
thickness of about 50 to 1,000 nm, especially about 100 to 
500 nm. 

The electrode (lower electrode) is formed at least on 
the substrate side or within the first dielectric. As the 

30 electrode layer which is exposed to high temperature during 
formation of a thick film and during heat treatment along 
with the light emitting layer, there may be employed a 
customary metal electrode containing as a main component 
one or more elements selected from palladium, rhodium, 

35 iridium, rhenium, ruthenium, platinum, tantalum, nickel, 
chromium and titanium. 
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Another electrode layer serving as the upper 
electrode Is preferably a transparent electrode which Is 
transmissive to light in the predetermined emission 
wavelength region because the emitted light often exits 
5 from the opposite side to the substrate. When the 

substrate is transparent, a transparent electrode may also 
be used as the lower electrode because this permits the 
emitted light to exit from the substrate side. Use of 
transparent electrodes of ZnO, ITO or the like is 

10 especially preferred. ITO generally contain ln 2 0 3 and SnO 
in stoichiometry although the oxygen content may deviate 
somewhat therefrom. An appropriate proportion of Sn0 2 
mixed with ln 2 0 3 is about 1 to 20%, more preferably about 5 
to 12% by weight. For IZO, an appropriate proportion of 

15 ZnO mixed with ln 2 0 3 is generally about 12 to 32% by 
weight . 

Also the electrode may be a silicon-based one. The 
silicon electrode layer may be either polycrystalline 
silicon (p-Si) or amorphous silicon (a-Si), or even single 

20 crystal silicon if desired. 

In addition to silicon as the main component, the 
electrode is doped with an impurity for imparting electric 
conductivity. Any dopant may be used as the impurity as 
long as it can impart the desired conductivity. Use may be 

25 made of dopants commonly used in the silicon semiconductor 
art. Exemplary dopants are B, P, As, Sb, Al and the like. 
Of these, B, P, As, Sb and Al are especially preferred. 
The preferred dopant concentration is about 0.001 to 5 at%. 
In forming the electrode layer from these materials , 

30 any of conventional methods such as evaporation, 

sputtering, CVD, sol-gel and printing/firing methods may be 
used. In forming a structure in which a thick film having 
an internal electrode is formed on a substrate, the same 
method as used in forming the dielectric thick film is 

3 5 preferred. 

The electrode layer should preferably have a 
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resistivity of up to 1 Q-cm, especially about 0.003 to 0.1 
Q-cm in order to apply an effective electric field across 
the light emitting layer. The preferred thickness of the 
electrode layer is about 50 to 2,000 nm, especially about 
5 100 to 1,000 nm. 

Although the light emitting layer of the invention is 
applied to inorganic EL devices in the illustrated 
embodiment, it may be applied to another type of device as 
long as the phosphor thin film of the invention can be used 
10 therein, and especially to white light emitting devices, 
which can be applied to mono-color display panels. 

EXAMPLE 

Examples are given below for illustrating the 
15 invention in more detail. 
Example 1 

FIG. 1 illustrates an exemplary evaporation chamber 
which can be used in the manufacturing method of the 
invention. One electron gun and one resistive heating cell 

20 were used instead of a two-point controlled electron gun. 

An EB source 15 containing BaS powder having 5 mol% 
of Eu added and a resistive heating cell (14) containing 
A1 2 S 3 powder were placed in a vacuum chamber 11. The 
substances were simultaneously evaporated from the 

25 respective sources, and deposited on a rotating substrate 

heated at 400°C, forming a Ba x Al y O z S w : Eu layer. The rates of 
evaporation from the respective sources were adjusted so 
that the film was deposited on the substrate at a 
deposition rate of 1 nm/sec. During evaporation, H 2 S gas 

30 was admitted at 20 SCCM. The thin film formation was 
followed by annealing at 750°C for 10 minutes in air, 
yielding the first thin film of 300 nm thick. 

By an EB evaporation technique using a ZnS pellet 
having 0.5 mol% of Mn added, a second thin film of 400 nm 

35 thick was deposited on the first thin film. 
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The first thin film, Ba x Al y 0 2 S w :Eu thin film was 
separately formed, and analyzed for composition by x-ray 
fluorescence to find an atomic ratio of Ba:Al:0:S:Eu = 
7.40:19.18:70.15:2.90:0.36. 
5 An EL device was fabricated using this light emitting 

layer. When an electric field having a frequency of 1 kHz 
and a pulse width of 50 fxS was applied across the 
electrodes, the EL device emitted white light having a 
luminance of 500 cd/m 2 in a fully reproducible manner. The 
10 emitted light was paper white having CIE chromaticity 
coordinates of x = 0.352 and y = 0.303. 

The phosphor multilayer of the invention offers a 
phosphor thin film material capable of emitting white light 
having a high color purity without a need for filters and a 
15 high luminance. 

The EL devices using the phosphor multilayers 
according to the invention have improved emission 
performance and are of great commercial worth because white 
EL devices and monochromatic EL panels can be formed. 

20 

BENEFITS OF THE INVENTION 
The invention provides a phosphor multilayer 
eliminating a need for filters , having a satisfactory color 
purity and best suited as white monochromatic EL devices, 
25 and an EL panel. 
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